SUMMARY The overall performance of P2P-based file sharing applications is becoming increasingly important. Based on the Adaptive Resource-based Probabilistic Search algorithm (ARPS), which was previously proposed by the authors, a novel probabilistic search algorithm with QoS guarantees is proposed in this letter. The algorithm relies on generating functions to satisfy the user's constraints and to exploit the power-law distribution in the node degree. Simulation results demonstrate that it performs well under various P2P scenarios. The proposed algorithm provides guarantees on the search performance perceived by the user while minimizing the search cost. Furthermore, it allows different QoS levels, resulting in greater flexibility and scalability.
Introduction
Search is one of the most fundamental services in peer-topeer (P2P) file sharing networks. In highly popular P2P file sharing systems, such as Gnutella [1] , peers are organized in an ad-hoc fashion. Due to the lack of global knowledge, locating a resource is one of the most challenging issues in this kind of unstructured system.
The authors have proposed the Adaptive Resourcebased Probabilistic Search Algorithm (ARPS) for unstructured P2P networks [2] . ARPS considers the difference in popularity amongst the resources. In ARPS, a node uses probabilistic forwarding for query messages, varying the forwarding probability according to the popularity of the resource being searched. By introducing the probabilistic search, ARPS achieves a better tradeoff between the search cost and performance than traditional methods over a wide range of P2P scenarios.
In [2], we use the k-ary tree model to analyze the search performance in the random topology networks. However, recent measurements of Gnutella and some other unstructured P2P networks, show that the underlying network topology has a power-law node degree distribution [3] . Unlike the standard random graphs, the node degrees exhibit high variance, with a few nodes having very high degrees while many others, low ones. Thus, we need to use a more accurate model and mathematical framework to keep the analysis feasible and with satisfactory compliance to reality.
Performance issues in P2P-based file sharing applications have become increasingly important.
[4] provides a classification structure of relevant issues and problems that play a role in the performance of P2P-based file sharing applications. Relative to different viewpoints, search time, success rate and search cost are among the main relevant performance metrics. To provide a guaranteed probability and delay bound to locate a particular resource is the key issue from the user's perspective, while the scalability problem is more important from the system's viewpoint.
In this letter, we investigate the search performance in P2P networks with power-law degree distribution. Based on [2], we present a simple but highly effective search algorithm with performance guarantees. The algorithm guarantees the search delay and the success rate will meet the user's targeted values, while simultaneously minimizing the search overhead.
Analytical Model
In order to analytically characterize the search performance, we employ generalized random graphs (GRG) [5] to model the topology of P2P networks, and use the analytical framework in [6], [7] to model the search strategies of probabilistic forwarding.
The generating function for the probability distribution of the vertex degree is where pk is the probability that a randomly chosen vertex has degree k.
The generating function of the degree distribution of the nodes reached by following one end of a randomly chosen edge (the starting edge is excluded) is The generating function for the total number of resource owners that receive the query message with the constraint of TTL is
We approximate the search delay by the average number of hops it takes for the query messages to reach the first node that has the resource. If the search fails, the delay is just the TTL value of the message.
As H (0, g, p, h) is the probability that the resource is not found in h hops away from the requester, the probability that a search takes exactly h hops for the first hit is
The average number of hops it takes for the query messages to reach the first resource owner is search algorithm fulfills its objective in performance guarantees. As the constraint of (0.8, 3) is much looser than the one of (0.9, 2.5), the number of messages generated is less than 20% that of the tighter constraint. As Table 1 illustrates, the search algorithm allows different QoS levels while minimizing the number of messages generated accordingly.
Conclusion
In this letter, we propose a modified adaptive probabilistic search algorithm for P2P networks. Unlike ARPS, the analytical model takes the power-law topology into account, rendering the algorithm more efficient in practical applications. Furthermore, the proposed algorithm adaptively chooses the forwarding probability according to the userlevel performance constraints. The simulation results show that our modified algorithm fulfills its objective of providing QoS guarantees, while minimizing the search overhead. Additionally, our approach allows different QoS levels, providing flexibility for the P2P file-sharing system to meet different user requirements and rendering it more scalable.
